Fish gelatin was exposed to ultraviolet treatment from 3 to 24 h. Ultraviolet-treated fish gelatin, after 6 h exposure exhibited the highest increase in gel strength. It was shown that doses above 9 h on tilapia gelatin can gradually decrease the gel strength. Partial insolubility of fish gelatin after more than 3 h of ultraviolet treatment was observed. Ultraviolet treatment did not change the Fourier transform infrared spectra of all ultraviolet-treated fish gelatin and control fish gelatin sample. The distribution of the molecular weights of gelatin treated with 3 to 24 h ultraviolet irradiation remained unchanged.
INTRODUCTION
Commercial gelatin is mainly made from pig skin, demineralized cattle bone, and cattle hide. Fish gelatin is an alternative for porcine gelatin and bovine gelatin for certain religious considerations; it is a possible substitute for preventing contamination with bovine spongiform encephalopathy. However, low gel strength and gelling temperature are usually associated with fish gelatin when compared to mammalian gelatin. [1] For these reasons, several approaches have been studied for improving of gel strength and cross-linking in fish gelatin. These methods include the pretreatment of perch skin with NaCl, NaOH, and acetic acid solution, [2] the use of magnesium sulphate as a coenhancer, [3] the addition of κ-carrageenan to fish gelatin, [4] and the use of transglutaminase and tyrosinase [5, 6] to improve the gel strength of fish gelatin. It has been demonstrated that fish gelatin ultraviolet (UV)-treated for 60 to 90 min showed significant improvement in gel strength. [1, 7] No research has been conducted on fish gelatin with respect to longer UV exposure time. Although UV treatment can improve the gel strength, the optimum dosages for fish gelatin's exposure to UV irradiation are unclear.
Therefore, the objectives of the present work were to evaluate how much UV treatment on tilapia skin gelatin is needed to obtain maximum gel strength. The physicochemical properties of the treated gelatin were also evaluated to provide a better understanding of how to substitute fish gelatin for mammalian gelatin in food industry applications.
MATERIALS AND METHODS
Tilapia skin gelatin 80 mesh (200 Bloom) was purchased from Jellice Pioneer Private Limited Taiwan Branch (PingTung, Taiwan). All chemicals for electrophoresis were purchased from Bio Basic Inc. (Toronto, Canada).
Ultraviolet Treatment
Gelatin samples were spread in a thin layer (3 mm) on a stainless sheet pan (21 × 29 cm) in preparation for UV treatment. Samples were exposed to a UV-C light source (Model Allkill-01, 253.7 nm; 30 W, PJLink, Taipei, Taiwan) at a distance of 30 cm from the surface (Yoyu Technology, Taipei, Taiwan) for 3, 6, 9, 12, 15, 18, 21 , and 24 h.
Determination of Bloom Gel Strength and Viscosity
The gel strength (Bloom) was measured according to the British Standard 757:1975 method. [8] The viscosity of the gelatin samples was measured using the method of Cho et al. [9] Fourier Transform Infrared (FTIR) Spectra Analysis
The FTIR spectra of the gelatin samples were analyzed using the method of Benjakul et al. [10] Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) SDS-PAGE, which was used to evaluate the cross-linking and distribution of the molecular weights of gelatin treated with UV irradiation, was conducted as described by Muyonga et al. [11] Data were analyzed using analysis of variance techniques (ANOVA) using the SPSS statistic program (SPSS, 1998) . The difference between means at a 5% significance level (p < 0.05) was determined using Duncan's multiple range test.
RESULTS AND DISCUSSION
The highest gel strength (236 g) was observed in gelatin at 6 h of UV treatment (Fig. 1 ). The increase in gel strength was measured after all UV-treated fish gelatins were compared to the control group (209 g). The increasing gel strength of UV-treated fish gelatin was due to enhanced crosslinking. Gel strength, which is the most critical physical property of gelatin, determines the quality of food products containing gelatin. The gel strength is dependent on the hydrogen bonds between the free hydroxyl groups of amino acids and water molecules, the molecular weight distribution of the gelatin, and the concentration and size of the protein chains. [11] Liu et al. [12] improved the gel strength and thermal stability of pig gelatin by adding 1.0 g l −1 epigallocatechin gallate in a gelatin solution (66.7 g l −1 ). Bhat and Karim [13] reported that the increase in gel strength of UV-treated fish gelatin was due to enhanced cross-linking. Bessho et al. [14] claimed that the cross-linking sites of gelatin hydrogels are alkyl or a phenyl group of the side chains of the protein structure. Bhat and Karim [13] also reported that fish skin gelatin samples exposed to UV irradiation for 30 and 60 min exhibited improved gel strength.
It was shown that doses above 9 h on fish gelatin can gradually decrease the gel strength. This may be because further treatment induced over-cross-linking of the gelatin's dry granules, contributing to the decrease in the gel strength of the gelatin hydrogels and partial insolubility of the gelatin granules. The solution viscosity of all the UV-treated and control fish gelatin samples did not change dramatically. It is interesting to note that the insolubility of the gelatin after 12 h of UV treatment seemed to increase the viscosity. However, there is no statistical significance (p > 0.05) between the control and UV-treated groups. Bessho et al. [14] reported an insolubility phenomenon at doses above 8 kGy γ irradiation due to the cross-linking of the gelatin hydrogels. UV treatment-induced formation of new cross-links probably occurred. Therefore, partial insolubility of gelatin was induced after more than 3 h of UV treatment. This may be due to the over-cross-linking or hydrogen-bonding induced insolubility of gelatin granules by UV treatment. UV treatments have been employed in pharmaceutical and medical studies to cross-link gelatin films and collagen. [14] The partial insolubility of fish gelatin (6.67%) could not dissolve into an 8 M urea, 5% SDS solution, and 60 • C water in a water bath for 1 h. However, the insoluble fish gelatin (6.67%) could dissolve into acetic acid. A liquid solution of 8 M urea and acetic acid of 6.67% gelatin solution was observed, and it did not form a gel as did the fish gelatin solution stored in the refrigerator at 7 • C for 17 h. This may be because urea and acetic acid hindered the formation of covalent bonds between gelatin chains. Nevertheless, gels were formed in 5% SDS solution and 6.67% fish gelatin (partial insolubility of gelatin). Although, SDS could coat gelatin chain components with a negative charge as well as prevent refolding, a gel was still formed in 5% SDS. The insolubility phenomenon may decrease the gel strength due to there being more cross-linking sites of dry fish gelatin granules. It did not enhance the gel formation of fish gelatin hydrogels. Although a partial insolubility of gelatin, after more than 9 h of UV treatment, can still form a gel, the gel strength of the over-cross-linking fish gelatin decreases with increasing UV treatment. This implies that treatment with UV exposure should not be overused.
The spectra of all UV-treated fish gelatin and the control samples were very similar (Fig. 2) . The absorption of the amide I peak at 1629-1630 cm −1 and amide II peaks at 1532-1535 cm −1 was found in the spectra. Monsur et al. [2] reported that perch skin gelatin showed spectra with apparent patterns in four regions located at 3600-2300 cm −1 (amide A), 1656-1644 cm −1 (amide I), 1560-1335 cm −1 (amide II), and 1240-670 cm −1 (amide III). Surewicz and Mantsch [15] reported that the absorption in the amide I is a characteristic band of FTIR spectra for the secondary structure of gelatin. Yakimets et al. [16] proposed that the absorption at 1633 cm −1 is a characteristic band for the coil structure of gelatin. Bhat and Karim [13] reported that the absorption band around 1700-1600 cm −1 was primarily a C=O and CN-stretching vibration mode. The amide II peak is related to protein hydration. [17] The spectra data show that all tilapia skin gelatins have an identical coil structure, and the structure is not changed by 24 h of UV treatment. The peak of amide A at 3288 cm −1 shifting to lower frequency when the hydrogen bonding strength increased [18] was not detected. This might indicate that the hydrogen bonding strength of tilapia skin gelatin granules does not change with UV treatment.
The distribution of the molecular weights of tilapia skin gelatin and 24 h UV-treated gelatins under a non-reducing condition was analyzed by SDS-PAGE ( Fig. 3) . No bands were stained on the SDS-PAGE at the insoluble gelatin granule after isolation by filtrating paper because it could not dissolve in water. Tilapia skin gelatin contains α1, α2, and β chains. A larger band intensity of α1 component was noticeable in the tilapia skin gelatin (Fig. 3) . Proteins or peptides with molecular weights lower than 100 kDa also appeared on the SDS-PAGE of all the fish skin gelatins. They may have been produced by the thermal process or the endogenous proteinases during gelatin extraction and purification. The formation of degradation peptides correlated with the decreased bloom strength and low viscosity of the fish gelatin. [11] 
